Large-for-gestational-age (LGA) babies have a higher risk of metabolic disease later in life, and their postnatal growth in early childhood may be associated with long-term adverse outcomes. This study aimed to determine childhood health outcomes of term LGA babies with different growth patterns. Data were obtained from the US Collaborative Perinatal Project for the years between 1959 and 1976. The growth trajectories of 3,316 term LGA babies were identified and odds ratios of obesity, growth restriction, low intelligence quotient (IQ), and high blood pressure (HBP) were calculated by logistic regression. Compared with term appropriate-for-gestational-age infants, term LGA babies without catch-down growth had increased risks of obesity (adjusted odds ratio (aOR) = 6.37, 95% confidence interval (CI): 5.24, 7.73) and HBP (aOR = 1.67, 95% CI: 1.37, 2.03). Those with high catchdown growth had higher risks of growth restriction (aOR = 2.21, 95% CI: 1.66, 2.95) and low IQ (aOR = 1.61, 95% CI: 1.04, 2.49). Nevertheless, infants with small catch-down growth had lower risks of obesity (aOR = 0.78, 95% CI: 0.63, 0.95), growth restriction (aOR = 0.28, 95% CI: 0.17, 0.46), low IQ (aOR = 0.66, 95% CI: 0.41, 1.06), and HBP (aOR = 0.89, 95% CI: 0.77, 1.04). According to our data, term LGA infants with small catch-down growth had no increased risks of adverse outcomes. hypertension; intelligence quotient; large for gestational age; obesity; postnatal growth Abbreviations: AGA, appropriate-for-gestational-age; aOR, adjusted odds ratio; BMI, body mass index; CI, confidence interval; CPP, the Collaborative Perinatal Project; HBP, high blood pressure; IQ, intelligence quotient; LGA, large-for-gestational-age.
The incidence of newborns with macrosomia has been increasing over the past several decades (1-3). Large-forgestational-age (LGA; defined as birth weight greater than the 90th percentile for sex and gestational age) babies are prone to neonatal complications (4) ; cardiovascular diseases, including hypertension (5) , obesity, and overweight (6); insulin resistance (7, 8) ; metabolic syndrome; and type 2 diabetes (8) later in life. To attenuate the adverse outcomes of LGA babies, many researchers have focused on decreasing the incidence of macrosomia by targeting maternal status, such as maternal overweight and obesity, excessive gestational weight gain, and abnormal glucose metabolic status (9, 10) . Fast weight gain seems to be closely associated with adverse cardiometabolic outcomes and impaired cognitive development in later life in small-for-gestational-age children with intrauterine growth restriction (11) (12) (13) .
In our previous study, we demonstrated differences in childhood health outcomes among term small-for-gestational-age babies with different postnatal growth patterns (13) . Are there similar associations between health outcomes and postnatal growth patterns in term LGA babies? Most studies have focused on the long-term adverse outcomes of LGA status itself (5) (6) (7) (8) . Few studies have examined the postnatal growth pattern of LGA babies and observed a catch-down growth pattern in early life (6, 14) . However, there are few data on the relationship between postnatal growth patterns and childhood morbidities in term LGA babies. The aim of this study was to determine childhood health outcome differences at age 7 years in term LGA babies with different postnatal growth patterns.
METHODS

Participants
This study was a secondary data analysis. The data were obtained from the Collaborative Perinatal Project (CPP), a multicenter, prospective cohort study that recruited 46,021 women with 56,990 pregnancies at 12 US academic medical centers between 1959 and 1976 (15) . The offspring were followed up to age 7 years via multiple questionnaires regarding medical and social histories, an array of anthropometric characteristics, and detailed neuropsychological tests (16) . The CPP data are publicly available through the US National Archives (17). Use of publicly available de-identified data is exempt from our review by our institution's review board.
To study postnatal growth pattern, 2,195 stillbirths or pregnancy terminations were excluded. Because the intrauterine growth of multiple births (n = 1,148) is different from that of the singleton's, the study cohort was restricted to singletons. We excluded births that were preterm (gestational age <37 weeks; n = 7,226), post-term (gestational age ≥42 weeks; n = 6,874), or with unknown gestational age (n = 37). Congenital anomalies might affect prenatal and postnatal growth; therefore, babies with these (n = 2,246) also were excluded.
LGA was defined as a sex-and gestational age-specific birth weight greater than the 90th percentile, based on the INTERGROWTH-21st Project standards (18) . Missing consecutive weight measurements can lead to an inaccurate growth trajectory; therefore, we excluded those children with weight missing at 3 or more consecutive time points from birth to 7 years of age (n = 6,872). Ultimately, 3, 316 LGA infants were included in the analysis on postnatal growth patterns. For a better comparison with the "normal" population, 22,005 term appropriate-for-gestational-age (AGA; defined as birth weight from the 10th percentile through the 90th percentile) infants in the CPP were used as the referents. (Figure 1 )
Exposure and outcomes
Weight and length/height were measured and recorded at birth, 4 months, 8 months, and 1, 3, 4, and 7 years of age by a trained interviewer according to standardized procedures at each follow-up visit. Body mass index (BMI) was calculated as weight in kilograms divided by the square of length/height in meters. Other maternal and infantile characteristics were documented in study questionnaires, including infant's race, gestational age, mode of delivery, feeding method, socioeconomic status, maternal age, smoke, education, prepregnancy BMI, weight gain during pregnancy, and marital status.
Weight and BMI z scores and percentiles (for age and sex) at birth, 4, months, 8 months, 1, 3, 4, and 7 years of age were calculated on the basis of the World Health Organization child growth standards (19) . The z score was used to define the postnatal growth trajectories. We used a data-driven, semiparametric group-based approach (SAS PROC TRAJ; SAS Institute, Inc., Cary, North Carolina) to estimate the weight and BMI growth trajectories (20) . Group-based trajectory modeling assumes there is a certain magnitude of discrete, underlying groups in the population (21) . The optimal number of growth trajectories was chosen following the Bayesian information criterion. A lower Bayesian information criterion value indicates a more parsimonious model.
Obesity and growth restriction at 7 years of age. According to the World Health Organization child growth standards, underweight was defined as a sex-and age-specific weight below the 2.3th percentile, stunting as a sex-and age-specific height below the 2.3th percentile, microcephaly as sex-and age-specific head circumference below the 2.3th percentile, and wasting as a sex-and age-specific weight for length below the 2.3th percentile (19) . We defined child growth restriction as 1 or more of the following: underweight, stunting, microcephaly, and wasting at 7 years of age. Obesity was defined as BMI for age and sex above the 95th percentile (19) .
Low intelligence quotient at 7 years of age. The Wechsler Intelligence Scale for Children, including the information, vocabulary, digit span, comprehension, block design, picture arrangement, and coding subtests, was administered to children at age 7 years (22) . We used the full-scale score (intelligence quotient (IQ)) based on the results from all the 7 components (23). Low IQ at age 7 years was defined as IQ score <70. In the present study, children with low IQ were considered to have impaired neurodevelopment. The validity and reliability of the Wechsler Intelligence Scales for Children have been demonstrated elsewhere (24) .
High blood pressure at 7 years of age. At age 7 years, blood pressure was measured by a physician or nurse with a manual sphygmomanometer. Blood pressure was obtained from the right arm, with the child at rest in a recumbent position. Korotkoff phase 4 (muffling) or phase 5 (disappearance) was used to determine diastolic blood pressure (25) . We defined HBP as systolic or diastolic blood pressure higher than the 90th percentile for children of the same sex and height (26) .
Statistical analysis
The Cochran-Mantel-Haenszel χ 2 test was used to assess the differences in baseline characteristics among the 3 growth trajectory groups. Logistic regression was used to examine the associations between growth trajectories and adverse outcomes, adjusting for potential cofounding variables. The covariates included sex, race, gestational age (as a categorical variable), birth weight (<4,000 g, and ≥4,000 g), feeding method (exclusively breast, exclusively bottle, mixed feeding, and unknown), parity (1, 2, and >2), infectious diseases or other diseases needing hospitalization in infancy (yes, no), socioeconomic status (comprising 5 categories as assessed by the original CPP investigators (27) ), highest maternal education (<10th, 10th-12th, and >12th grades), maternal age (<20, 20-35, and >35 years), marital status (married, unmarried, and other), maternal smoking (0, 1-19, and 20 cigarettes per day during pregnancy), hypertensive disorders during pregnancy (none, moderate, and severe), maternal pregnancy BMI (<18, 18-25, >25), BMI gain during pregnancy (<3, 3-6, >6), and mode of delivery (vaginal, cesarean section, and other). For low IQ at 7 years of age, we further adjusted for Apgar score at 5 minutes (i.e., <7 and ≥7) (28) .
To understand the effects of weight at 7 years of age conditional on birth weight but without controlling for possible intermediate variables after birth (growth patterns), we further fitted a simplified model on the effects of weight at 7 years of age on HBP and low IQ, adjusting for birth weight only. We did not fit the models for obesity or growth restriction at 7 years of age, because weight is partly a direct measurement for obesity or growth.
SAS, version 9.2 (SAS Institute, Inc.) was used for all statistical analyses. The SAS PROC TRAJ procedure is available at https://www.andrew.cmu.edu/user/bjones/.
RESULTS
Based on the Bayesian information criterion, a total of 3 weight-growth trajectories were identified: high catch-down growth (n = 834, 25.2%), small catch-down growth (n = 1,800, 54.3%), and without catch-down growth (n = 682, 20.6%) (Web Figure 1 , available at https://academic.oup.com/aje). The weight percentiles (median, interquartile range) at each time point of the 3 trajectories are shown in Web Figure 1 .
The baseline characteristics of infants in the 3 weight-growth trajectories are compared in Table 1 . Significant differences existed in birth weight, gestational age, feeding method, maternal education, prepregnancy BMI, and BMI gain during pregnancy among term LGA babies in different growth trajectories. A high catch-down growth pattern was more likely to occur in term LGA infants with lower birth weight, shorter gestational age, bottle feeding, lower maternal education, lower prepregnancy BMI, and lower BMI gain during pregnancy. (27) . Table 2 shows the crude and adjusted odds ratios (aOR) with 95% confidence intervals of adverse outcomes in each growth trajectory. Term LGA infants without catch-down growth had increased risks of obesity (aOR = 6.37, 95% confidence interval (CI): 5.24, 7.73) and HBP (aOR = 1.67, 95% CI: 1.37, 2.03) at 7 years of age. Infants with high catch-down growth had higher risks of growth restriction (aOR = 2.21, 95% CI: 1.66, 2.95) and low IQ (aOR = 1.61, 95% CI: 1.04, 2.49). Term LGA infants with small catch-down growth had lower risks of obesity (aOR = 0.78, 95% CI: 0.63, 0.95), growth restriction (aOR = 0.28, 95% CI: 0.17, 0.46), low IQ (aOR = 0.66, 95% CI: 0.41, 1.06), and HBP (aOR = 0.89, 95% CI: 0.77, 1.04) at age 7 years as compared with AGA children.
To further explore the associations between postnatal linear growth trajectories and long-term adverse outcomes in term LGA babies, we also used BMI growth trajectory as the measure of growth pattern. The results were similar to those using the weight-growth trajectory as the exposure variable (Web Figure 2 ; Table 3 ). Table 4 shows that, in term LGA infants, weight at 7 years of age was positively associated with HBP (aOR per z score increase = 1.79, 95% CI: 1.63, 1.96), and was inversely associated with low IQ (aOR = 0.62, 95% CI: 0.47, 0.80). Birth weight z score was not associated with HBP or low IQ after adjusting for weight at age 7 years.
DISCUSSION
To our knowledge, our study is the first to assess childhood health outcomes in term LGA babies with different postnatal growth patterns. We found that term LGA infants with small postnatal catch-down growth from birth to 7 years of age had Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio.
a Odds ratio after adjustment for sex, race, gestational age (as categorical variable), birth weight (<4,000 g or ≥4,000 g), feeding method (exclusively breast, exclusively bottle, mixed feeding, and unknown), parity (1, 2, or >2 children), infectious diseases or other diseases needing hospitalization in infancy (yes or no), socioeconomic status (comprising 5 categories as assessed by the original Collaborative Perinatal Project investigators (27) ), highest maternal education (<10th, 10th-12th, or >12th grade), maternal age (<20, 20-35, or >35 years), marital status (married, unmarried, or other (divorced, separated, or widowed)), maternal smoking (0, 1-19, or 20 cigarettes per day during pregnancy), hypertensive disorders during pregnancy (none, moderate, or severe), maternal pregnancy body mass index (weight (kg)/height (m)
2 ) (<18, 18-25, >25), body mass index gain during pregnancy (<3, 3-6, >6), and delivery method (vaginal, cesarean delivery, or other (assisted delivery using forceps, vacuum extraction, etc.)).
b Further adjusted for Apgar score at 5 minutes (<7 or ≥7). Abbreviations: CI, confidence interval; OR, odds ratio. a Odds ratio after adjustment for sex, race, gestational age (as categorical variable), birth weight (<4,000 g or ≥4,000 g), feeding method (exclusively breast, exclusively bottle, mixed feeding, and unknown), parity (1, 2, or >2 children), infectious diseases or other diseases needing hospitalization in infancy (yes or no), socioeconomic status (comprising 5 categories as assessed by the original Collaborative Perinatal Project investigators (27) ), highest maternal education (<10th, 10th-12th, or >12th grade), maternal age (<20, 20-35, or >35 years), marital status (married, unmarried, or other (divorced, separated, or widowed)), maternal smoking (0, 1-19, or 20 cigarettes per day during pregnancy), hypertensive disorders during pregnancy (none, moderate, or severe), maternal pregnancy body mass index (weight (kg)/height (m)
b Further adjusted for Apgar score at 5 minutes (<7 or ≥7).
lower risks of HBP and low IQ than did term AGA infants. Moreover, term LGA infants with high and no catch-down growth had more adverse outcomes at age 7 years than did term AGA infants.
In previous studies, LGA infants with catch-down growth in weight after birth were found to have a lower risk of adverse metabolic outcomes than did those without catch-down growth (6, 14) . These studies, however, defined catch-down growth more arbitrarily rather than using a data-driven approach to classify individuals into distinct growth patterns. Consistent with the findings of these studies (6, 14) , we found catch-down growth in most term LGA infants in the first several months after birth. Furthermore, our findings indicate health differences exist in different postnatal growth patterns in term LGA babies. Based on the risks of HBP and low IQ in 7-year-old children, we found that a small catch-down growth pattern in term LGA infants seemed to be associated with the lowest risks. According to some studies, early life events, such as nutrition and weight gain in infancy, may have long-term effect on BMI and neurodevelopment later in life (29) (30) (31) . Our finding adds some evidence to the literature in this area and may be useful for monitoring postnatal growth in term LGA babies.
In previous studies, birth weight was inversely associated with blood pressure (32, 33) , and LGA babies had a wide range of health problems later in life, such as cardiometabolic disorders (5) (6) (7) (8) 34) . In this study, we chose obesity and HBP as indicators for abnormal cardiometabolic status at 7 years of age. In our study, term LGA infants had an overall higher incidence of obesity and HBP than did AGA infants. However, birth weight itself was not associated with HBP or low IQ if controlling for weight at 7 years of age. The results underscore the importance of considering the effects of postnatal growth patterns. Using postnatal growth pattern as the exposure variable, we found that only LGA infants without catch-down growth had increased cardiometabolic risk compared with AGA infants. The finding suggests that fast postnatal weight and BMI gain, as well as LGA itself, may be risk factors for metabolic dysfunctional disorders later in life. This approach might provide important insight in early-life development of the vulnerability to cardiometabolic risk.
According to the trade-off hypothesis, faster weight growth in early life is associated with better neurodevelopment in childhood but also with an increased risk of cardiometabolic diseases later in life (11) (12) (13) (35) (36) (37) (38) (39) . From the literature, such trade-offs did not always occur in different populations. Among healthy term infants, faster weight growth is associated with cardiometabolic diseases with no substantial benefit to neurodevelopment (40) . Preterm and term small-for-gestational-age infants derive substantial neurodevelopmental benefit from faster weight gain (13, 35) . Among LGA infants, the evidence is limited. To our knowledge, our study is the first to report the differences in childhood neurodevelopment with different postnatal growth patterns in term LGA babies. This finding provides some evidence supporting the life-history trade-off hypothesis: Term LGA infants with fastest weight and BMI gain (without catchdown growth) had better neurodevelopment but with increased cardiometabolic risk. Furthermore, we found that LGA infants with small catch-down growth had both better neurodevelopment and lower cardiometabolic risk.
The main limitation of this study is that CPP was conducted 40 years ago. The birth weight, socioeconomic status, and body composition of individuals born in the United States during the 1960s may be different from those born more recently. Especially, LGA birth rates might have decreased in the United States after the 1990s (41) . However, many parts of the world are undergoing rapid economic development and social transition, and increasing prevalence of LGA has been reported over the past several decades (1, 3) . Therefore, our findings may have useful implications for infants in these areas. Moreover, compared with the 1960s, infant birth weights are higher now (42) . We used weight or BMI percentile instead of weight or BMI value to monitor growth trajectories, which would have minimized the effect of the birth weight shift. Furthermore, we used the newest INTERGROWTH-21st Project (18) standards to define LGA and the World Health Organization growth chart (19) to calculate weight and BMI percentiles so the result would be more relevant to contemporary populations. We also noticed that some diseases after birth can influence postnatal growth and health outcomes, and that there might not be a causal association between the growth profiles and long-term outcomes.
Another limitation is the lack of information about breastfeeding duration. In the CPP, the feeding data were collected only during the nursery stay, so we know virtually nothing about breastfeeding duration. In addition, although there was an association between LGA babies with different postnatal growth patterns and childhood health outcomes, there is a need for intervention studies to prove causality before we can make any clinical recommendation. Although the CPP was done several decades ago and had its weaknesses, its data are from the largest birth cohort including infant birth characteristics and childhood growth and developmental health measures up to age 7 years. This data set provides an important opportunity to study childhood health outcomes in different postnatal growth patterns among term LGA babies.
In conclusion, based on postnatal weight and BMI growth patterns from birth to age 7 years, we found that term LGA infants with small catch-down growth had no increased risks of adverse childhood health outcomes at age 7 years.
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